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A B S T R A C T
Subscapular skinfold, elbow breadth and upper arm indicators of nutritional status
were studied in the population of Dalmatia in Croatia. Age- and sex-specific percentiles
were obtained from 4373 subjects, 18 to 74 years of age, and compared to the U.S.
NHANES I and II reference data. There were significant differences between these data
sets in all studied variables. The results complement those reported previously for BMI
and triceps skinfold and indicate that high prevalence of overweight in Dalmatians lar-
gely reflects their muscularity and skeletal robustness rather than excess body fatness.
The findings suggest that the U.S. upper percentiles of BMI and skinfolds are inade-
quate for the assessment of excess body fatness in Dalmatian population. The obtained
population-specific percentile distributions should be used provisionally as the refer-
ence data for group comparisons in the Dalmatian region.
Introduction
The excess body fat associated with
obesity is considered a risk factor for ma-
ny chronic diseases, particularly, hyper-
tension, cardiovascular disease, stroke,
non-insulin dependent diabetes, gall
bladder disease and some forms of can-
cer1–3. However, obesity has been difficult
to define and methods used to this aim
have often referred to excess weight ra-
ther than excess fat.
For epidemiological purposes, body
mass index (BMI) was recommended and
most often used as an index of total body
fatness4. However, it is not always clear
what is being studied by BMI because it
reflects both body fat and lean body
mass5. It is affected by total body fatness
as well as by muscularity, frame size and
relative leg length that are influenced by
age, gender and ethnicity6,7. Thus, it may
be misinterpreted when excess weight is
caused by excess lean body mass. There is
also evidence that the relationship be-
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tween BMI and fatness varies from popu-
lation to population and that ethnic dif-
ferences influence the ability of BMI to
rank body fatness8,9. Consequently, there
has been both scientific and professional
debate about the applicability of »inter-
national« cut-off points for ranking body
fatness in different populations10.
Since no local reference data on BMI
are available for the Croatian population,
the U.S. reference data are often being
used in practice. In a previous survey, the
BMI and triceps skinfold of the coastal
and insular segment of the Croatian pop-
ulation have been studied11. In geograph-
ical terms, this population inhabits the
region of Dalmatia. It has been shown
that both BMI and triceps skinfold distri-
butions in adult Dalmatians differ from
the distributions in U.S. whites. The Dal-
matians have higher body fatness than
the U.S. reference population according
to BMI, but lower according to the triceps
skinfold. It is not clear whether BMI re-
flects higher body fatness of the Dalma-
tian population, in which case more fat is
deposited centrally relative to the U.S.
population, or indicates larger frame size
and/or body muscularity, in which case
the appropriateness of U.S. reference
data for Dalmatian population is ques-
tionable. The elucidation of these effects
is rather important having in mind the
estimates of 42% overweight and 12% se-
verely overweight Dalmatians according
to the NHANES II criteria12. Hence, the
purpose of the present publication is to
provide estimates of body fat deposited on
the trunk, frame size and muscularity for
Dalmatian adults. The percentile distri-
butions of subscapular skinfold, elbow
breadth, upper arm circumference, upper
arm muscle area, and arm fat index are
compared with the NHANES I and II ref-
erence values. Hopefully the results will
be of use for nutritional status assess-
ments in the Dalmatian population and
informative to the ongoing survey of na-
tional and regional patterns of body
weight and the health risk factor corre-
lates of obesity.
Material and Methods
This study is based upon a cross-
sectional sample of 4373 subjects aged 18
to 74 years, of whom 2028 were males
and 2479 were females. It is derived from
the extensive material collected in the
Dalmatian island and peninsular rural
populations since 1971 within the frame-
work of several holistic anthropological
projects13–18. The sample is basically the
same one used in the previous study that
provided information on height, weight,
BMI and triceps skinfold of the Dalma-
tian population11. It comprises inhabit-
ants from the Northern Dalmatian is-
lands of Pag, Olib, and Silba and the
Middle Dalmatian islands of Bra~, Hvar,
Kor~ula, and the peninsula of Pelje{ac.
The sample includes 16.5% of the adult
population of the 48 studied settlements
which is 0.5% less than in the previous
study. The difference results from the
lack of anthropometric data needed for
this study in 0.5% of the basic sample.
The sampling procedure has been descri-
bed previously11 as well as the detailed
anthropometric characterization of the
particular island samples19–24.
The studied anthropometric characte-
ristics are: subscapular skinfold, elbow
breadth, upper arm circumference
(UAC), upper arm muscle area (UMA)
and arm fat index (AFI). The results have
been combined with the previously pub-
lished data on triceps skinfold and BMI.
The measurements were taken on the left
side of the body (with the exception of el-
bow breadth) following the IBP proto-
col25. The elbow breadth was measured
on the right limb. Calculations of upper
arm muscle and fat areas are based on
measurements of the upper arm circum-
ference and triceps skinfolds26. Upper
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arm muscle area was corrected for bone
area26.
Age- and sex-specific means, standard
deviations and percentile distributions
were developed for each anthropometric
characteristic. The comparison with U.S.
reference data was carried out using the
values from NHANES II for subscapular
skinfold and elbow breadth, and the val-
ues from combined NHANES I and NHA-
NES II surveys for upper arm anthro-
pometry12,26. Statistical comparisons of
the Dalmatian and U.S. percentile distri-
butions were made using a nonparame-
tric Kolmogorov-Smirnow two-sample
test. Its null hypothesis is identity in dis-
tribution for the two samples and it is
sensitive to differences in location and
dispersion27. The Dalmatian sample was
divided by age according to the categories
used in NHANES surveys. Statistical
comparison of Dalmatian and U.S. per-
centile distributions was performed for
each sex and age group.
Results
The sample size in each sex-specific
age group exceeded 100 with exception of
the extreme age groups (Tables 1 and 3).
Subscapular skinfold thickness
The age- and sex-specific means, stan-
dard deviations, and selected percentiles
are reported in Table 1. The form of pre-
sentation complements that one used
previously for triceps skinfold and BMI.
The percentiles are also presented graph-
ically, parallelly to the percentiles of the
U.S. population (Figure 1). The means of
subscapular skinfold increased with age
over the entire age range studied and the
increase was more pronounced in fe-
males. There were similar trends in the
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TABLE 1
SUBSCAPULAR SKINFOLD (MM) BY SEX AND AGE: NUMBER EXAMINED (N), MEAN,
STANDARD DEVIATION (SD) AND SELECTED PERCENTILES
Age (y) N Mean SD 5th 15th 50th 85th 95th P†
Males 1974
18-24 91 14.89 5.77 8.12 9.08 13.40 21.24 22.94 *
25-34 401 15.96 5.33 8.11 10.10 15.40 21.20 24.19 **
35-44 369 17.29 5.97 8.25 11.20 17.00 23.20 28.00 *
45-54 511 17.13 5.75 8.30 11.00 17.00 22.50 27.04 *
55-64 451 17.45 6.26 8.10 11.00 17.00 24.02 28.44 **
65-74 151 18.66 7.18 8.96 11.26 17.70 26.28 31.86 *
Females 2399
18-24 111 17.09 6.78 9.00 10.48 16.00 23.06 28.70 *
25-34 395 17.72 7.48 8.48 10.20 16.70 24.36 32.76 **
35-44 443 22.25 8.73 9.82 13.10 21.40 31.34 38.48 **
45-54 652 24.30 8.76 11.40 15.10 23.20 33.50 40.20 **
55-64 605 24.69 8.72 11.48 16.00 23.90 34.33 40.75 **
65-74 193 25.23 9.94 9.88 14.37 24.00 36.94 43.36 **
† significance of the differences in distributions between Dalmatian and U.S. populations
n.s., not significant; * p  0.05; ** p  0.01
medians and the other percentiles. The
presence of positive skewness was indi-
cated by ranges from the 50th to the 95th
percentiles being larger than those from
the 5th to the 50th percentiles. There
were sex-associated differences between
the corresponding percentile values. All
the values in females exceeded those in
males in the entire age range studied.
The Dalmatian percentile values of
subscapular skinfold were higher than
the U.S. values at the 15th and 50th per-
centiles (Figure 1). The differences were
greater in females. At the 85th percentile
U.S. values exceed the Dalmatian up to 7
mm. Differences in percentile distribu-
tions were significant in all age- and sex-
specific groups (Table 1).
Elbow breadth
The distribution parameters are given
only at the sex-specific basis because no
age-related trends were observed (Table
2). The cumulative percentile distribu-
tions are presented in Figure 2 together
with the U.S. distributions for compari-
son. The male percentile values of elbow
breadth exceeded those in females and
the Dalmatian values were significantly
higher than the U.S. values. The differ-
ence was more pronounced in females
Upper arm circumference, muscle area
and fat index
The age- and sex-specific means are
reported in Table 3. Percentile values are
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TABLE 2
ELBOW BREADTH (MM) BY SEX FOR TOTAL SAMPLES: NUMBER EXAMINED (N), MEAN,
STANDARD DEVIATION (SD) AND SELECTED PERCENTILES
Sex N Mean SD 5th 15th 50th 85th 95th P†
Males 1974 74.3 4.3 67.5 70.0 74.0 79.0 82.0 **
Females 2399 66.2 4.5 60.0 62.0 66.0 71.0 74.0 **
† significance of the differences in distributions between Dalmatian and U.S. populations
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Fig. 1. Selected percentiles of subscapular skin-
fold thickness in Dalmatian (___) and U.S. po-
pulation (.....).
shown only graphically in Figures 3, 4
and 5, parallelly with the U.S. percen-
tiles. The results of distribution compari-
sons are given in Table 3. There are chan-
ges in arm circumference and muscle
area means with age that are paralleled
by trends in percentile distributions. For
men, the values generally increased until
middle age, and then steadily decreased.
For women, both parameters increased
progressively until age was well advan-
ced, and then stabilized, or declined, with
the onset of senescence. In comparison to
the U.S. percentile values, Dalmatian
males had systematically and significan-
tly smaller arm circuference while their
muscle area was smaller in younger age,
and then equaled the U.S. values. Dalma-
tian females had lower percentile values
of arm circumference above the median,
and higher values of muscle area at all
ages. Arm fat index showed no consistent
trends with advancing age in Dalmatian
population. Its percentile values were ge-
nerally lower than the U.S. values and
the differences in distributions were sig-
nificant.
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TABLE 3
UPPER ARM CIRCUMFERENCE (UAC), UPPER ARM MUSCLE AREA (UMA), AND ARM FAT INDEX
(AFI) BY SEX AND AGE: NUMBER EXAMINED (N), MEAN AND STANDARD DEVIATION (SD)
UAC (cm) UMA (cm2) AFI (%)
Age (y) N Mean SD P† Mean SD P† Mean SD P†
Males 1794
18–24 69 29.4 2.6 ** 45.5 9.7 * 19.9 7.1 n.s.
25–29 135 30.5 2.5 ** 49.8 9.3 ** 19.2 7.4 **
30–34 203 30.8 2.8 ** 51.2 11.3 ** 19.3 7.4 **
35–39 185 31.7 2.5 ** 55.3 10.8 n.s. 19.0 6.5 **
40–44 144 31.6 2.5 ** 55.2 10.5 n.s. 18.2 5.8 **
45–49 198 31.2 2.6 ** 54.4 11.0 n.s. 17.2 5.8 **
50–54 271 31.6 3.0 ** 54.9 12.2 n.s. 18.6 6.6 **
55–59 260 30.9 2.6 ** 52.2 10.6 n.s. 18.6 5.4 **
60–64 179 30.3 2.8 ** 49.9 11.0 n.s. 18.6 6.2 **
65–69 65 30.1 3.1 ** 48.5 11.3 n.s. 19.3 5.1 **
70–74 85 29.6 2.6 ** 55.1 9.4 * 21.3 5.5 n.s.
Females 2279
18–24 96 26.4 2.4 ** 30.0 7.5 n.s. 34.7 8.1 **
25–29 182 27.4 2.5 ** 32.2 7.0 ** 35.3 8.4 **
30–34 177 28.5 3.0 ** 34.5 7.4 ** 36.3 9.2 **
35–39 212 29.3 2.9 ** 35.6 7.5 ** 38.0 8.3 **
40–44 196 30.0 2.9 ** 37.5 7.5 ** 38.5 8.3 **
45–49 299 30.6 3.0 ** 39.2 8.6 ** 38.8 8.3 **
50–54 323 31.0 2.9 ** 39.0 8.3 ** 39.6 8.2 **
55–59 322 30.9 3.0 ** 40.0 8.4 ** 38.9 8.3 **
60–64 279 30.9 3.1 ** 40.6 8.4 ** 37.8 8.7 **
65–69 107 30.7 3.4 n.s. 40.5 9.6 ** 37.3 8.0 **
70–74 86 30.2 3.1 n.s. 39.3 8.7 ** 36.8 9.1 **
† significance of the differences in distributions between Dalmatian and U.S. populations
n.s., not significant; * p  0.05; ** p  0.01
Discussion
It is generally considered that Dalma-
tian population is in favorable position
relative to the continental Croatian popu-
lation with regard to overweight due to
its dietary habits and other aspects of
lifestyle typical for European Mediterra-
nean28–30. Interestingly, a prior study
identified a situation that rises concern
regarding the problem of overweight and
severe overweight among the adult Dal-
matians11. The estimates were based on
BMI cut-off points from NHANES II12. At
the same time, the study questioned the
appropriateness of U.S. reference data for
the evaluation of nutritional status of
this population due to possible differen-
ces in body build. Therefore, the present
study assessed frame size and muscular-
ity of the Dalmatian population and com-
pared them to the NHANES reference
values. Additionally, body fat on the up-
per trunk was analyzed in order to ad-
dress the previous suggestion that Dal-
matians have more fat deposited in the
central region of the body.
Elbow breadth was used as an indica-
tor of frame size since it is less affected by
degree of fatness than other anthropome-
tric measures of skeletal breadth26,31,32.
Upper arm muscle area provided infor-
mation on body muscularity due to its lin-
ear relationship to total body muscle33.
The subscapular skinfold represented
subcutaneous fat deposits in the central
region of the body in contrast to the tri-
ceps skinfold located peripherally34–36.
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Fig. 2. Cumulative percentile distributions of
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Fig. 3. Selected percentiles of upper arm cir-
cumference in Dalmatian (___) and U.S. popu-
lation (.....).
Significant difference was found in el-
bow breadth between Dalmatian and
U.S. populations that is indicative of lar-
ger frame size of the Dalmatians. Their
larger muscularity is an another compo-
nent of their high BMI. This is particu-
larly evident in females whose upper arm
muscle area is markedly larger than in
the U.S. population. In males, it parallels
the muscle area of the Americans. It
would probably be larger even in males
had it been measured on the right limb
due to the well established limb domi-
nance effect37. The extent of differences
in distributions of the studied body build
components between Dalmatian and U.S.
populations is visualized in Figure 6, to-
gether with the BMI. Z-scores from the
U.S. percentile values are used for the
presentation and enable comparison
among different variables. Although com-
bining all ages lumps together the age-
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Fig. 4. Selected percentiles of upper arm muscle
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Fig. 5. Selected percentiles of upper arm fat in-
dex in Dalmatian (___) and U.S. population
(.....).
related trends, the overall tendency is
clear. Z-scores of elbow breadth and of
UMA in females are all positive. They fol-
low the pattern of BMI and provide cor-
roboratory evidence for the view that
high BMI of Dalmatians largely reflects
their muscularity and skeletal robust-
ness.
An additional determinant of higher
BMI in Dalmatians might be their higher
body fatness that results from the ten-
dency to deposit more fat on the trunk.
According to the triceps skinfold, the Dal-
matians have much lower quantity of fat
deposited peripherally than the Ameri-
cans. This was also evident when the up-
per arm fat was expressed in terms of fat
area (AFI). According to the subscapular
skinfold, about 65–75% of the Dalma-
tians, all at the lower segment of the
skinfold distribution, have more fat lo-
cated centrally (on the trunk) than have
the Americans. The remaining 25–35% of
the population that constitutes the upper
segment of the skinfold distribution have
less fat deposited centrally. These upper
extremes of BMI and subcutaneous fat-
ness ( 85th percentiles) comprise sub-
jects who are overweight and potentially
over-fat12. The Dalmatian data suggest
that the overweight segment of the popu-
lation (with BMI  85th U.S. percentile)
has less fat deposited both peripherally
and centrally, and presumably lower total
body fatness, than the U.S. population.
Their overweight reflects larger contribu-
tion of muscle and bone components to
their body weight. The data provide evi-
dence that the U.S. upper percentiles of
BMI are imprecise indicators of excess
body fatness in Dalmatian population. If
U.S. reference data will be used in the as-
sessments, several additional anthropo-
metric dimensions are required in order
to provide additional diagnostic informa-
tion on subcutaneous fatness, body mus-
cularity and frame size.
The WHO also recommends the use of
BMI to express different degrees of over-
weight that imply differences in body fat-
ness4. According to its criteria, 15.1% of
males and 26.8% of females in the Dal-
matian population are within »grade 2«
and »grade 3 overweight« categories (BMI
 30 kg/m2). The prevalence is high com-
pared to 10–20% observed among whites
in the USA and most countries of Eu-
rope38. NHANES II criteria (BMI  31.1
kg/m2 for males and  32.3 kg/m2 for fe-
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Fig. 6. Z-scores from the U.S. percentile values
for BMI and muscularity, frame size and fat-
ness indicators.
males) classify 10% of Dalmatian males
and 13.6% of females as »severely over-
weight«. The prevalence estimated this
way is again high compared to 7.8% in
males and 9.8% in females from U.S. Ha-
ving in mind the findings of body build of
the Dalmatian population, there are rea-
sons to believe that both, the WHO and
the NHANES II classifications overesti-
mate the proportion of this population
that is over-fat. Further research is, the-
refore, needed to explore the magnitude
of the problem and, if necessary, to de-
velop the cut off-points for BMI and sub-
cutaneous and total body fatness in Dal-
matians that will have a basis in morbid-
ity and mortality data. It is suggested
that the presently developed population-
specific percentile distributions should be
used provisionally as the reference data
for group comparisons in the Dalmatian
region.
In addition to total body fatness, the
anatomical distribution of fat in obese in-
dividuals has emerged as an important
health risk factor. It has been shown that
central adiposity more fully explains the
chronic disease-obesity relationship than
the peripheral and total body adiposi-
ty39,40. Although overweight in Dalma-
tians appears to be due to lean body mass
rather than to excess fat, the distribution
of fat in the body of overweight individu-
als is an important question. Unfortu-
nately, the U.S. reference values for the
»index of centralized fat patterning« (the
ratio of the subscapular to the triceps
skinfold thicknesses)35,41,42 are not avail-
able for the adults and direct comparison
is not possible. Furthermore, using the
subscapular skinfold as an indicator of
central fat deposits leaves open the prob-
lem of intra-abdominal fat. It remains for
further analyses to describe the patterns
of body fat distribution in Dalmatians us-
ing measures of subcutaneous fat (includ-
ing subscapular/triceps index) as well as
indicators of intra-abdominal fat. Addi-
tional research is warranted to relate
both overweight and pattern of body fat
distribution to adverse health outcomes
such as levels of physiological risk factors
or morbidity variables in the Dalmatian
population.
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PREKOMJERNA TE@INA I DEBLJINA U DALMACIJI: USPOREDBA S
AMERI^KIM REFERENTNIM VRIJEDNOSTIMA
S A @ E T A K
U populaciji dalmatinskih otoka i poluotoka ispitivana je debljina ko`nog nabora na
le|ima (subskapularnog), {irina lakta i pokazatelji prehrambenog stanja s popre~nog
presjeka nadlaktice. Prikazane su vrijednosti izabranih percentila dobivene na uzorku
od 4373 u dobi od 18 do 74 godine `ivota. Podaci su uspore|eni s ameri~kim NHANES I
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i II referentnim vrijednostima i utvr|ene su razlike u svim ispitivanim svojstvima.
Rezultati upotpunjuju prije prikazane podatke za indeks mase tijela (BMI) i ko`ni na-
bor na nadlaktici (nad tricepsom) i pokazuju da visoka prevalencija prekomjerne te`ine
u populaciji Dalmacije u velikoj mjeri odra`ava robustniju i mi{i}aviju gra|u tijela, a
ne i ve}u koli~inu masti u tijelu. Stoga je zaklju~eno da vrijednosti gornjih percentila
indeksa mase tijela i ko`nih nabora referentne ameri~ke populacije nisu prikladne za
procjenu debljine na{e populacije. Preporu~a se upotreba percentilnih distribucija po-
kazatelja prehrambenog stanja koje su u radu izvedene za populaciju Dalmacije.
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